UNCLASSIFIED 
AD  NUMBER 


AD130791 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  DoD  only; 
Administrative/Operational  Use;  JUN  1957. 
Other  requests  shall  be  referred  to  US  Air 
Force  Wright  Air  Development  Center, 

Wright -Patterson  AFB,  OH  45433.  Pre-dates 
formal  DoD  distribution  statements.  Treat 
as  DoD  only . 

AUTHORITY 

15  Dec  1958,  Reclass  Bulletin  #20;  AFML 
ltr,  24  Oct  1972 


THIS  PAGE  IS  UNCLASSIFIED 


0 


ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


O 

frecJftSS « 
!$&**- 5*- 


i— 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  tfSEn  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A  DEFnCTTELY  BELA 

— - ; - - - — - - - -  ^HERESY  INCUiw 


GOVERNMENT  PROCUREMENT  OPERATION 

NOR^PONSlBILrrY..-NOaANY-OHyGA^v 
iiw-n-* 


»  THE  U.  S.  GOVERNMENT 

**  jin*  AfranwKn>&-i:i-:v>^ 


■uUVERNMiNx  MAY^aWSm-^  r*5.  ri«i«88fiDi  OR  IN  ANY  WAY  SUPPUBDTOE 
SAffi  DlS^MancI^M  ^?H£R  data  is  not  TO  be  begarded  by 
^yOATI°N  OR  OTHERWISE  AS  m  ANT  ^^iy^^§^)gR^^f?o^ANUFACTURE, 

5S??*®*?*®.  OR  CONVEYING"^  ^rWAYBERELATED  THERETO. 


USE  OR  SELL  ANY  PATENTED  ESfV’ENTiOK  TH& 


ik  1/-1 


Best 

Available 

Copy 


i  NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 

* 

NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 

t 

; 

OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 

THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 

6^!*-  .  -- 

ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAY 


n 


unclassified 


ratSWCR): 


,  .,  This  rspor*  vu  prapersd  by  Battalia  Memorial  Institute  tator  {Bit? 

i  Contract  No,  33(600) -28610.  This  contract  was  initiated  under  'Tfeojsct 

7350.  "Caranic  and  Gamut  Materials* *  Task  Ho.  73500,  'Cvnif  sod  Comsat 
o  Hatariale  Deralopuent  * .  Ths  work  vu  administered  under  tbs  direction  of 

tbs  iUractorat#  of  Derelop«u«ttt  and  tbs  Directorate  of  Research,  ‘fright  Air 
Dare  lepras  Csntsr,  with  Lt.  7.0.  Tinius  of  Power  Hast  Laboratory  end  :v 
c.  Capt.  Idt.  Holdenar  and  Lt.  W.P.  Hauii  of  Hatsrials  Laboratory  acting  m 
project  engineera.  -  .  0 

^  °  ...  »*'  ■■■ 

-  This  rapoart  comm  work  oooducted  from  January  12,  1956*  through 
Norscobar  11,  1956?  LmIusIts.  ’  , 


O  V 

> 


r  w  5*; 


r^_..vv''^:~^.t---,''*«^tijto';^»^i^l»T:[.isJc^aaifiad  Confidential  in 
’  the  resecrec  work  and  'drta  Saw^jtaV^  ■  :.•  -•  '  > 


■o  v 


'  ;  .  ) 


0  i 


c 

>  5 

r». 


^  €>  O  00 

•\  ...  ■  „ 
/,  jyy  ^  ‘ 


_  .jaaRfr 


^  i‘Q'|  •|Jy  • 

_  C-^N  I1  1}  -, 


-  lV%; SSfeX 

.  v.%^ 


o 


I 


VADC  TR  57-4 


Xi/A-  ■ 


UtoClAS&H&D 


V.\  '• 


"  -V* 


o 


o 


P  o 
O 


itnclassjned 


Cl 


»©-• 


o 

>o 


X> 


o 
.  O 


c 


iusauet 


A  Froli.'dn&rr  inwtiffttn  of  $t*  U^NfMMbkixc  wr  <±juract«r~ 
ittiei  is  IF- 4  j»t  fi»l,  i>  JQP-X  roetet  fial,  «b&  fa.  hoi  axUlz&ag  s®*v; 
{(RantUll)'  air,  vy  to  lliS  f}  nl  ttt  itatlc  eomwiai  xcslstase*  1st 6 
ifi&lblt«d  r*d  fuaUg  lifirie  Mid  of  Mlwtd  saa&».rt*l*  Ua®  tow  ecn&octad. 

alxKlatlxg  ttor’w»*r  *  * 
condVticM  af  f-«eo  -»»Miaesu|.^  Isas 

b**»  drralcjad,  viik  al  tacit  ra,  .hgr^alfefd^'aaea^'^ 

aad  otiwtr  console*  «ad,a*tgji8'Bjt«  iad*d*d»  5c*a  «*»«%»• 

a?  tfe*  *»*nl»*.  6 

-  ^  '■  ■  '  '"  <-•■  « • 

sS&ySs?  JfSJT Tr  ••TirSt N  :  'o 

v:  A 


%z4$m 


■  «Jt*N 

W>  -r'" 


?,*>  " 


fcr  ras  cat^iic^tt 


A-awd  and  U  approved.  CUrP 

v  .,  V-A'i  <D 


'W/ 


-'  A 


3U..CM©  s.  uma 
Cfciaf.  Hotels  fteaBtrk'v 
Material?  Iukcr-story  ' 
Dirastacaia  ci  BMMazck 


_Tw 


%\ 

3^ 


■Bm>4 


-  ■  tO^O*'\ 

-  ^ 


VAOG  xa 


1 _ 


uwajisarao 


.> 


v  -  N 

J 


o 


CONFIDENTIAL 

'  TABLE  OF  CONTENTS 

O  ■  ■  1  ■  ■  ■  mm  mmUmmkmmtm 

o  °  SK 

INTRODUCTION  .  .  ..0  .0  .  . . O  •  1 

CP  __  .  v.'  -  <c:. 

EXPERIMENTAL  PROCEDURES' AND  RESULTS  . .  1 

v  Rubbing  Wear  Evaluations  ,  .  .  ...  .  . . .  2 

-  Description  of  Apparatus  Used  in  Rubbing  ,  J 

0  ^  Wear  Evaluations  . . .  o  2 

Description  of  Test  Procedures  in  Rubbing 

o  'o  Wear  Evaluations c  & .  .  . . ♦ 

Results  of  Rubbing  Wear  Evaluations  .........  7 

0^  Static  Corrosion  Studies  .  , .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14 

,p  Description  of  Apparatus  Used  in  Static  0  ° 

Corrosion  Siudie*  .  .  . . ,°  ".  .  15 

?■  __  _  Te>.  Procedure  and  Results  of  Static  o 

■>>  Corrosion  Studies  , »/- . .  ...  .  1 7 

°  -  v  ;  ■-*  V  O 

~  ~ C~CTt5«JON  AND  CONCLUSIONS  .  \  .  19 

.  -1  C  'rO*r.'  --o  .  •  -°  r.  ..  ,  •  c>  - 

,-X  ?  ■  '  '  o 

RECU.R  iNDEDiFUTURE  WORK . .  20 

•  W  ^  N'^x  ■  >  C.  ,  "  °  ■" 

-•  X '  yr  A-  ,0^  LIST  OF  ILLUSTRATIONS 

\  i  c  7 

Fig«.  T  .Vlquipment  for  the  R’jibing  Wear  Evaluation  of  Prospective 
X.A  </;  'l:,eal  and  Bearing  Materials  in  a  Hot  Oxidising 
A  A  ;  ■T'V  Gaseous  Environment  ;  V.  ............  3 

o  -A.,  f]f.  x.  *■=., 

FiaX  vji.  cCross  Section  of  the  Gas  Burner  for  Producing  a  Hot  x  0 

(  :'A  Oxidizing  Gaseous  Environment  .  . . X'A 

—r.\l  O  o  M 

■  ,i  'i  i  ^ t  O  c  V<  ' .  O  - 

''Fig’iW  Ui, Button  Specimens  of  Cobalt-Base  Alloy  A,  and  the  Washer  Vi'-- 

'  ••  -  -pecimen  of  Hardened  Stainless  Steel,  After  Rubbing  A 

^  ,  <7  '<C '  Evaluation  in  JP-4  Jet  Fuel  ...  ".  ....  .  :.P~  1 2 

o  a>4  Aa  ; :  * 

Figure^*!  i  Button  Specimens  of  Alumina  Porcelain,  and  the  Washer  r- 

c  '%■).  )  jb^fjcimen  of  Hardened  Stainless  Steel,  After  Rubbing  <- 

V'J;.  V?.\ar  Evaluation  in  JP-4  Jet  F-»l . 13 

Figure  5;  '  F  utton  Specimens  of  Nickel-Mica,  and  the  Washer  Specimen 
)C''f  Alumina  Coating  B  on  Stainless  Steel,  After  Rubbing 
X-  ~  ■  .  >'ear  Evaluation  in  a  400  F  Oxidising  Atmosphere .  16 

•!-.  ’  * 

Figu '  'oclave  With  Closure,  Specimen  Holder,  and  Specimens 

\  /.A/  he  Static  Corrosion  Studies  in  IRFNA  .  .  . .  17 

■ '  yyfo 

V  , 

W  a  1)6 '  1* '  'V;  -  4  iv 

CONFIDENTIAL 

h  '0 

'  s  ■  ry 


c 


CONFIDENTIAL 


.LIST  Or  TABLES 


c  Table  1.  Known  Properties  of  Prospective  Seal  and  Bearing  Materials 


Table  2.  Robbing  Wear  Evaluations  of  Prospective  Bearing  and 


Seal  Materials 


O  Table  3.  Composition  of  JRFNA . 

Table  4.  Results  of  the  Static  Corrosion  Tests  of  Prospective  Sea 
and  Bearing  Materials  Exposed  to  IRFKA  ..... 


o  0 


'.-'o  O 


CONFIDENTIAL 


ir  m 

p  1  )  ■ 


CONFIDENTIAL 


...  c  '  ' 

MATERIALS  IDE?"  '  ’TICAT"  >7’  _ 

o  7---.:  7. 

o  c 

-  -  -  ; 

o 

for  WADC.  TR  57-4,  ,  Table  1. 

0  Q'  -  -- 

- 

Material 

Su^jpUcr  r>  ■  °  c 

Designation 

A_  ^  ■  -  'i*>' 

°  Alumina,  high  density 

'  r;  -  c 

o;-  ^  C> 

Norton  Company 

Aluadwr,  ho*  jreased 

-7*7  ° 

,,o 

0  AJuiiiina-chr  omiuin 

Or  -. 

Haynes- Stellite  Company 

Metal-  ce  ra7  •  LT-1 

Alumina  Coating  A 

,,  Norton  Company 

Rokide  HA*v7(; 

( -  '7 

Alumina  Coating  B  0 

Linds  Air  Products 

Company 

\  f  y 

Flame  coat.  LA-2 

'  '  .V  -\ 

"  \ 

-  Alumina  porcelain 

==;1r=,  •'  o 

Coora  Porcelain  Company 

"  V  .  , 

Type  AB-2  7 

Boron  c  ar bide 

o  ,s  o  O 

Norton  Company 

Norbide 

Boron  nitride 

°c 

c.  '  -  National  Carbon  Company 

Type  GCH  c 

j’  4 

o 

Graphite  A 

Stackpole  Carbon  Company 

c°  V  ’  *  ’  o 

Grade  304  •?-/  ' 

o  ■? 

Graphite  B 

O  © 

Stackpole  Carbon  Company 

o  O' 

Grade  469 

c  Chromium  carbide-nickel  Firth  Sterling,  hie. 

Grade  CR-2  o 

0 

Cobalt-baae  Alloy"  Ac 

Haynes  Stellite  Company 

Alloy  No.  3  . 

Cobalt-base  Alloy  B 

Haynes  Stellite  Company 

Alloy  No.  6 

Iron- ba«»e  Alloy  C 

co  Haynes  Stellite  Company 

Alloy  No.  93  77  °  ° 

Nickel-boron  nitride- 

<> 

mica  Brush  Beryllium  Company 

Lot  HDP-157A-  1A  © 

Nickel-mica 

Brush  Beryllium  Company 

Lot  HP- 113 

„  C.  O 

Stainless  steel 

Carpenter  Steel  Company 

AESX  440  C 

O 

Synthetic  mica 

Brush  Beryllium  Company 

o  o 

Lot  HP-  235- 18-  AN 

WC-TaC-  Co  0 

7  ‘  -• 

General  Electric  Company 

Carboloy  9074! 

WC- platinum 

Kennametal,  Inc. 

1C- 501 

Zirconia  coating 

Norton  Company 

Rokide  "Z"  .j 
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6  J 

-4  ,  Tibie  I. 

V  \ 


Material 

Supplier  °  c 

Designation 

,  a  ^  ' 

Alumina,  high  density 

Norton  Company 

AlunOum,  bed,  pressed 

,  AJunuina- chromium 

Haynes- Stellite  Company 

Metal -eg  ra—  ;  _  LT-1 

~y— s  "  O.' 

—  ~  *,./ 

Alumina  Coating  A  ,  .  <-, 

Norton  Company 

Roldde  "A/VO 

c  ( 

Alumina  Coating  B 

1  in<*  Air  Products 

Company 

Flame  coat*  LA-2 

c  0 

A 

Alumina  porcelain 

o  -  ’ 

Coors  Porcelain  Company 

Type  AB-2 

>  .  J  ''s_/ 

C  .  * 

Boron  carbide 

r,  ,  I  O  - 

Norton  Company 

Norbide  r 

-  !>  -  c  -C 

Boron  nitride  ;  °  o 

:  National  Carbon  Company 

Type  GCH 

C 

Graphite  A 

Stackpole  Carbon  Company 

Grade  304 

Graphite  B 

Stackpole  Carbon  Company 

ol.  0 

Grade  469 

O 

Chromium  carbide-nicio>l 

o  °  ■' 

Firth  Sterling,  Inc. 

Grade  CR-2  o 

Cobalt-base  Alloy'  A° 

Haynes  Stellite  Company 

Alloy  No.  3 

Cobalt-base  Alloy  B 

Haynes  Stellite  Company 

Alloy  No.  6 

Iron- bane  Alloy  C 

Haynes  Stellite  Company 

Alloy  No.  93  '  o  Q 

Nickel-boron  nitride-mica  ° 

Brush  Beryllium  Company 

Lot  HF-157A- IA  c 

c 

Nickel-mica 

Brush  Beryllium  Company 

Lot  HP- 113 

Stainless  steel 

Carpenter  Steel  Company 

AJS1 440  C 

O  ■> 

Synthetic  mica 

Brush  Beryllium  Company 

Lot  HP-235- 18- AN 

f '  \ ' 

-  -  -Oi-;  '  ; 

WC-TaC-Co 

General  Electric  Company 

Carboloy  907 

W  C— platinum 

Kennaroetal,  Inc. 

K-501 

Zirconia  coating 

r; 

Norton  Company 

A 

Rokide  "Z" 

O 

O 

Ti 

A  f 
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A  LABORATORY  EVALUATION  OF  SOME  CERAMIC  AMD  CERMET  o 
MATERIALS  FOR  BEARING  AND  SEAL  APPLICATIONS  Of  . 

0  AIRCRAFT  AUXILIARY  POWER  UNITS  AND 
°  LIQUID  ROCKET  MOTORS 


INTRODUCTION 


O 


-  - -  ■. 

O  o  O  'o 

x  .O 

b  recent  years  the  demand  for  higher  flight  speeds  a  ad  greater  performance  at 
military  aircraft  tas  forced  the  operating  coeditieas  of  maay  engine r'co*apo«e*es  bryood 
the  capacity  of  content! Sail  materials.  The  recent  technological  advance*  ia  Mgb- 
temperature  engineering  mate  rials  has  been  tretaeadoas.  However,  as  the  tempera  tare 
aad  corrosive-  _-s*  of  the  environments  ia  modern  aircraft  power  plants  has  increased, 
the  materials  need  for  robbing  wear  components  ia  seals  aad  bearings  have  become 
particularly  critical.  Efforts  to  cool  these  parts  and  to  isolate  them  from  corrosive 
fluids  have  merely  served  to  rt  dace  the  efficiency  of  mechanisms  below  that  potential 
made  possible  through  the  nee  at  modern,  high  temperature,  stroctaral  alloys. 

,,  O  0  o  o  C- 

In  order  to  assess  toe  preseat  state  of  material  development  tor  aircraft  rubbing 
war  applications,  a  survey  of  34  users  aad  manufacturers  of  hearings,  seals,  ceramic 
materials,  accessory  e  ipaipsasat,  and  aircraft  engines  was  conducted  (BekSelie  Soecial 
Report  No.  122  dated  October  31,  1454).  K  vu  fouod  that,  although 
research  programs  are  being  tM^cbd  oo  gas  turbine  power  plane 
aad  main,  the  rematch  effort  for  accessory  equipment  aad  rocket  appMcstnoas  is 

quite  naturally,  are  concerned  with  the 


restricted  to  the  < 

solution  <bf  their  immediate  beaten*  and  seal  probMaos.  These  groups  are  the 
fat  Surer  s  of  aircnL  aaao?«ary  power  units  (APO),  aircraft  accessories,  aad  i  octet 
motor  liquid  propellant  pump*.  The  fiiinamitil  comlitisns  for  hearing  an*  nan? 
operation  ia  these  applications  are  varied  and  strenuous.  These 
assistance  in  the  development  of  matt.ialt  awd  design*  for  their  bearing  aad  seal 
applications  if  the  increased  performance  of  them  caechanisose  is  to  be  realized  in  the 
near  future.  & 


require 

‘  o 


O' 


o 


This  research  program  was  initiated  oo  She  current  contract  to  provide  a 
prolimiaory  study  of  a  few  commercially  available  ceramic  aad  cermet  materials  in 
suns  of.  the -envi ruameotu  tent  alia-  cnc'nnaterqft  ia  hearings  aad  seats  ia  APfJ  sad  rochet 
applications.  The  effort  de voted  was  isbabd  as  the  bsgisaszsg  of  a  ccssprebcssrre 
program  at  materials  development  aad  evaluation  to  fill  this  vjU  in  ihe technological 
eat  of  aircraft  power  plant  systems.  " 


EXPERIMENTAL  PROCEDURES  AND  RESULTS 


A  selected  number  a f  materials  have  been  evaluated  for  high-speed  rubbing  wear 
aad  -corrosion  resistance  ia  four  different  environments,  choser  to  represent  a  cross 
section  of  the  conditions  encountered  in  the  vicinity  of  the  bearings  and  seels  ia  torrent 
and  anticipated  APU  aad  liquid  rocket  propellant  pumps.  These  environments  were  as 
follows: 

talihanj  1*57  fat  gshheana  u  t  hr  ADC  Tottens!  fapn. 
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c  (1)  200*F,  JP-4  jet  fuel 

O  ...  O 

:  (2)  8C*F,  JP-X  rocket  fuel  o  '  cf,0  '  p 

„  .  .  o  c  o  C 

(3)  Ox: idizing  gag  (essentially  air),  up  to  1400  F 

S  '  'V  o-  :  . 

'  (4)  160*F,  inhibited  red  fuming  nitric  acid  (IBJFNA). 

C  ''  C  .  O'O  ; 

High-speed-rubbing  wear  evaluations  were  conducted  in  the  first,  three  of  these  environ¬ 
ments,  whi’e  the  experiments  in  the  nitric  acid  were  limited  to  the  static  corrosion  of 
selected  materials.  ''  ■>  . 

.  C  0°  .  -■  ;  •  _  . 

The  temperatures  of  the  liquid  fuel  environments  were  the  maximum  that  could 
be  maintained  in  the  apparatus  without  excessive  evaporation. 


Rubbing  Wear  Evaluations 


Description  of  Apparatus  Used  in  Rubbing  Wear  Evaluations 


-£■  "  The  rubbing  wear  evaluations  were  conducted  on  a  piece  of  available  ppar^.t’  ts ' 

that  had  been  modified  for  these  experiments..  A  photograph  of  the  equi-  men*  is  shown 
in  Figure  1.  This  apparatus  featured  a  high-sped  spindle  end  timing  belt  drive 
-capable  of  spindle  speeds  up  to  .16, 000  rpm.  An  adapter  was  constructed  so  that  a 
four-inch-diameter,  washer-shaped  specimen  of  »  jpective  seal  material  could  be 
mounted  on  the  end  of  the  spindle  And  held  to  less '  m  0.  Odbi-inch  total  indicator  0 
reading  run-out  of  the  front  face.  Three,  ona-half-iach-diametsr  button,  specimens  of 
the  noting  seal  material  were  mounted  in  a  holder  and  lapped  so  that  to*i*  faces  were 
all  in  the  same  plane  within  0. 00001-inch  deviation  across  their  contacting  nurfaces. 
The  button  specimens  in  their  holder  were  mounted  on  the  tad  of  another,  stationary 
spindle,  through  a  self -aligning,  ball  and  socket  joint.  The:  lapped  faces  of  the  button 
specimens  pressed  against  the  front  face  of  the  rotating  washer-shaped  specimen. 

Thus,  the  contacting  surfaces  were  Held  parallel  to  each  other  to  minimize  any  fluid 
wedge  action  at  these  surfaces.  The  resulting  fluid  film  thickness  should  be  in  the  c 
same  order  of  magnitude  as  that  found  in  face-type  shaft  scale.  The  rubbing  surface 
speed  between  the  specimens  was  about  200  fact  per  second,  which  is  representative  of 
,  the  surface  speeds  in  most  APU  and  rocket  propeilant  pump  face  sear  and  sleeve 
bearing  applications.  :  0  y  0  ' 

This  method  of  material  e  valuation  was  chosen  to  simulate  as  closely  as  possible 
the  type  of  rubbing  wear  that  is  encountered  it  face  seals  and,  ar  the  same  time,  to 
utilize  small  specimens  of  simple  shapa  that  can  be  fabricated  easily  from  a  variety  of 
materials.  Of  course,  a  more  exact  evaluation  of  seal  materials  for  a  particular 
application  would  be  accomplished  if  actual  seal  components  were  f*fri-*t»a  irom  the 
prospective  materials  and  were  evaluated  under  service  conditions.  However,  by 
ke- Ding  the  specimens  simple  in  shape,  the  evaluation  of  materials  that  would  be 
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1.  Wuher  specimen  c 

2.  Button  specimen  bolder  . 

sod  specimens  o  o  ° 

i.  Rotating  spindle 

4.  Stationery  spindL-  0c 

5.  Test  chamber 


6.  Teat-chamber  lid  , 

V  Vv,  v--,  W  . 

c  73  Gf.s  burner 

8.  Exhaust  pipe  °c  ° 

9.  .  Etll -hashing,  linear -motion 

spindle  guide  o 

10.  Restraining  arc*  .‘or  measuring 
friction  torque 


FIGURE  1.  EQUIPMENT  FOR  THE  .RUBBING  WEAR  EVALUATION  OF 
PROSPECTIVE  SEAL  AND  BEARING  MATERIALS  IN  A 
HOT  OXIDIZING  GASEOUS  ENVIRONMENT  o 


WADC  TR  57-4 


CONFIDENTIAL 


o 


OCONFfDENTtAL 


o 


difficult  to  fabricate  hum  imeal  rings  can  b«  accomplished  much  more  quickly  and 
economically.  The  diujipqmpmmenf' sited  in  thii  program  was  deaigned  to  screen  materials, 
both  commercial  and < tp» rr-ime «tal ,  for  their  rubbing  wear  characteristic*  under  con¬ 
ditions  simulating  th»®HMd-  uPAice  in  face  seals.  °  o 

O  o  O  '  ~ 

The  sUtioaaryip<iM;aiUBe,  <**  wliicb  the  button  specimens  ware  held,  was  mounted 
oa  a  eteel  base  plate  I  liwwsi  weitrained  from  rotating  be#  cantilever  member  on 
which  strain  pgei  wrwift  rn-otinteedfor  recai«i«fiti»frUttfw  torque  zi  the  ntbhiag 
surfaces  of  the'  epeci^wanu.  Tin*  rotating  spindle  wot  masuHd  m  lamer -motion  bail- 
bushings  in  such  a  w»»  t  Wftlii«  it  mas  fees  «b  more  axially  with  reepeet  to  the  etqfiouary 
spindle.  The  load  o«tWt  ihs— ?*cf*mn  robbing  surface*  wee  controlled  by  varying  the 
air  pressure  In  a  *n*»Hlnllic  •  lulls*#*  that  ante  attached  to  the  has*  |(M»  r*4  was  pressed 
against  the  rotating  (Piaigiidles  housing, 

"  O 

r-.  O 

The  ends  of  ttoatewi  tw  ■spindles,  together  with  do  Speci mens,  were  etsclgsed  in  a 
test  chamber  into  wbcWwilithens  mwironsnentnl  $<•&*  wesw  introduced.  *we#|*id*, 
JP-X  and  JP-4,  wsriw  iqpwIUd  in  a  jst  on  ilhTPie  r  trash  of  the  muting  fggpifian  at 
a  flow  rat*  of  about  tH-lpossundn  pse  minute.  fbie  tiiissnt  wee  sstff iciest  tjMtpthe  the  c 
contaeting  surfaces  iltbMti  tWe  liquid  a*U  to  maintain  a  heart  mist  in  the  test  chamber. 
The  hot  gaseous  envtiwramawm  was  tjgppHtd  by  a  gee  burner  similar  to  these  in  the 
combustion  section  d  or  tufircraaft  gns'torhine  power  pies*.  A  cruse  section  of  this 
burner  is  shewn  in  tfiwwwe  Z,'  Tbs  hut  combustion  products  of  natural  *U»  sad-air  o 
were  mixed  with  add4«itiiwl .  air  in  this  bsmaewgod  were  iotroducnd  into  the  test  chamber 
through  the  »Ml  sbowiiwi  infu-gurw  1. the  gUSUWU*  eneiWseoeut  that  was  SUggHPP  in  this 
manner  simulated  than  itmamsphwr*  in  the  turbine  sectiee  of  a  gge  turbine  engine.  The 
slight  reduction  in  tb  wsoiyggen  c  onteaf  feum  ll«Mi  normal  air  did  not  effect  appreciably 
the  oxidising  characffiisriitiems  pdf-  thin  environment,  9  - 


C 

O 


Description  of  Test  ftw*MM«»»uess  in  dabbing  Wear  gveluatiwes 


o. 


The  specimen*^  1»  olpre 
end  lead  lap  polishinjttt:  tie  c 
be  obtained  and  to  a  Idihies 
and  properties  of  thsttun  alter 
After  assembling  th*tw»  mites 


oipective  seal  materials  were  prepared  by  grinding,  lapping, 
rubbing  contact  surfaces  to  the  best  finish  that  could  easily 
is  of  less  than  0. 00001 -inch  deviation.  The  composition 
riile  that  were  studied  in  than  program  are  listed  in  Table  1. 
rills  for  each  wear  evaluation  in  tbs  equipment,  the 


specimens  were  brottadglktiasto  contact  under  a  nominal  load  pry^oure  of  5  psi  on  the 
contact  area;  the  «niitimin*mtal  fluids  were  introduced  and  tbs  rotating  specimen  was 
brought  up  to  speed.  Tt  The  Vric trios  at  the  rubbing  surfaces  was  monitored  carefully  as 
the  load  was  increase  Mu  5-psi  increments  to  20-psi  contact  pressure.  After  an 
initial  increase  in  f r^tiliction  following  an  increase  in  load,  the  friction  usually,  settled 
,to«m  to  a  steady-stale  v «  oluai  tbunt  was  somewhat  higher  *han  the  friction  for  the  lower 
load  .level.  The  load  vs*  was  tract  increased,  again  until  this  steady-state  value  had  been 
reached.  The  evaluiUcaBtini  in  the  hot-air  environment  were  started  at  about  400  F  air 
temperature  and  5-pi'  OiiunoWtact  pressure.  The  air  temperature  was  increased  gradually 
up  to  1400  F  before  «s  s  *1 itte  nipt  was  made  to  increase  the  load  pressure.  The  specimens 
were  operated  for  out  hd 9  iourrr  U  ZO-psi  contact  pressure  in  ail  evaluations  unless  a 


-  a  -JU  *■*"«  ...J*.  —  -  -  —  a-  — 

UMJSMIWU  UI  Vise  C  «jUlp}  ICUVt 


r«uuic»  • 


by  an  abrupt  increaoisi  •  ufr  -iction  and  noise. 
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A  sommary  of  »be  hijl»t)H«l-nMDig  wear  ml^hoan  is  ;iciMctod  it  TtUt  2, 

Im  the  twoligw id  —trim— leaf,  JP-4  je*  eel  and  JP-X  racist  feet,  the  wear  character¬ 
istics  of  a  selected  narobe  r  of  meic  riaJl »  2  ubbuog  against  <w«t«r  tprc  itwat  mf  hesdened 
AJSI  440  C  WUdcn  AmI  were  evalested.  This  steel  wae  selected  aa  a  eownw-ecar 
component  la  the  liquid  enviroameofts,  since  it  is  fl  i  uteWHy  weed  tor  part*  it  AfO 
and  rocket  motor  nwchtti sms  tlat  require  a  hardenahle,  corrMtea-iviuiaM 


Of  the  jnetpetttw  acal  ntihHil*  teat  were  ttniHsd  in  the  JP-4,  a  bonded  here* 
nitride,  a  synthetic  pw»,  aad  two  wka-cwiia'm<n  cersactc.-  were  found  tt  hate 
friction  aad  wear  properties  at  tout  aa  favorable  as  a  coaeuntienal  inphib.  T*w 
best  of  these,  a  bo  row  nitride  body  cad  a  nickel-mice  cerxwet,  wsrted  so  noil]  that 
the  soar  troche- were  hardly  ris&Ae  on  the  specimens  after  their  evalourton.  Aa  <■ 
experiment  with  a  representative,  wear-resistant  alloy  revealed  aa  extraordinarily 
low  coefficient  of  friction  for  tide  material  robbing  against  tin  stainless  steel  ia  JP-4. 
Hosewr,  as  sbewa  ia  F%we  3,  the  trtface  damage  on  these  specimens  wemki  ssem 
prohibitive  ia  a  seal  apfMcatisa.  1ft  is  possible  that  the  oniiiiliy  am  noth  sufMe 
finish  on  the  specinerwe  in  this  ewfaatim  might  have  ice nested  for  their  low  t fiction 
daring  normal  operation.  The  surface  damage  coeid  hue  occorred  toitg  the 
deceleration  of  the  rotating  specimen  at  .■fat  end  of  this  experiment,  ■  The  ilnciea  0 
porcelain  and  Alonriaa  Coating  A'  note  the  onlyapocisueaa  to  fail  before  their  teats  ,7 
wore  completed.  A  phoOr graph  of  the  specimens  after  the  eacperrnent  with  the  airmens  0 
porcelain  is  slsaa  ia  Figsre  4.  From  the  stiadpniat  of  friction  and  wear,  this  woo 
the  poorest  coenhiaatisn  evaluated  ia  the  liquid  environment*.  0 


Two  of 'the  materials  that  ware'  investigated  ia  the  JP-4  eavironmeat-were  re¬ 
evaluated  ia  JP-X.  Neither  mao  ilnmii  **trpd“a!  premiss  as  a  seal,  mass  rial  im 
this  new  rochet  ful.  The  heron  aifrids  material  suffered  considerable  saxface 
damage leaving  deposits  oe  the  stainless  steel,  -fits  ttea^i  only  a  slight  1  ammr  of 
wear  could  bo  measured.'-'  The  grapfuftt-  soeci mens  incurred  more  surface  damage  aad 
wear  in  the  JP-X  ia  4S  rniwn^  of  total  operating  time  than  they  iacnrred  ia  the  AM  . 
in  95  minutes.  In  fact,  the  JP-X  canoed  the  graphite  vanes  ia  tin  ssppfy  pomp  to 
wer  no  rapidly  that  farther  experiments  in  this  lipid  with  tin  present  pamp  sen 
prevented-.  In  the  two  evaluations  that  were  made,  the  Hear  rate  of  tin  rochet  fool  and 
some wbbt  erratic,  possibly  inflee wring  the  wear  of  tin  spsciawa  materials. 


Of  tin  evaluations  comforted  is  the  hot  oxidising  gaseous  enviraaasents,  only  one 
set  of  specimens  operated  without  su  rface  failure  long  eaoogjh  for  the  temperatare  to  be 
increased  to  1400  F.  This  set,  boron  carbide  battens  robbing  against  tlanha 
porcelain,  operated  with  frictioa  coefficients  between  0.  31  to  0. 47  at  gas  temper****  es 
up  to  1200  F.  However,  when  the  environmental  temperature  wae  increased  to  1400  F, 
the  friction  rose  to  6. 55.  After  shoot  one  ruinate  of  operation  under  *  load  of  5-pei 
contact  pies  sere  in  f  air,  tin  cttiTrien  of  frictioa  Jumped  suddenly  to  0.  94, 

iidiratim  a  very  high  rase  of  heat  generation  at  the  rubbing  surfaces.  About  30 
seconds  after  this  sodden  increase  ia  friction  both  tin  rotating  specimen  sod  the  botteo 
specimens  shattered,  causing  the  immediate. ,*  -  vfdown  of  tin  equipment.  Possibly 
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TABLE  2, 


LJ’-1  1  --  ■  "  "? 

Svalsutinp,  s 
tn> ‘.moment 

Wmha  Specimen 
Material 

</ 

o 

o 

henou  Specimen 
Matetial  c 

o  O  V 

°  Wear  Seefrce  xoagd 

ness  Before  Evalisataca, 

■jrsilabaa  ras 

wather  ieia 

Oxidising  .0 

(essentially  Hi), 
up  to  400  ^9 

Alumina  coating  •  on 
stainless  Meet 

.•> 

Nicket-mict 

C*  r. 

0.6  IS 

C  .  /fV' 

Oxidising 
(essentially  ait), 
up  to  MOO  P  o 

Alsnita  potcdafai 

Bom  c «Me 

ci% 

o  13  '' 

(a)  In  each  experiment  three  button  specimen*  not  held  against  a  rotating  wadroc  specimen,  to  that  the  axatactag  sorisces 

trees  parallel  to  each  other.  The  tabbing.  speed  wit  200  feet  per  seated.  *  ,  . 

(b)  Failure  was  indicated  by  a  sham  rise  ia  the  hiction  and  noate  level  before  die  specimen  could  be  apetuediar  one  bon  at 

20-pel  contact  pressure.  °  0  . 

(e)  The  maximum  load  pteware  Us  this  evaluation  vat  15  pet. 

(d)  4  dim  mulling  amount  of  rodtet  fuel  «e  supplied  te  the  tabbing  surfaces  durL ng  these  e»a>jaoontC  since  dtis  .laid  caused 
0  ex ce stive  treat  on  die  graphite  vaaes  in  Ae  supply  pump. 
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the  thermal  shock  from  the  frictional  heat  generation  imposed  excessive  stresses  in 
the  ceramic' specimens.  o 

In  the  otner  two  rubbing  wear  evaluations  in  tbs  Hot  gaseous  environment,  the 
specimens  also  exhibited  Kirfsc;  failures,  altbmtgfi  tttTf  sett  at  lower 

temperatures  and  were  not  aa  violent  as  in  the  evaluate m  just  dMt.fbjWl.  Even 
though  the  temperature  of  the  environment  in  th.-  *nperiUU)Ut  sMfH  jMttfse> 
resistant  graphite  rubbing  ?gauist  AM  14a  C  a.-  ' ales*  stWSf  W**' feuMliM  8G0*P, 
the  wear  and  surface  damage  that  occurred  indie.  -.te't  fiat  dds-i  UM<I  f— Hm  would  not 
be  desirable  iu  a  seal.  2n  the  svaluaReu  at  th»  sixfoil.  Miss  SdMMg  against  tbs  Alumins 
Coating  B,  the  coefficient  of  friction  increased  suddenly  (ten  0.  }#t»  6. 31  after  only 
90  seconds  of  operation  at  a  losd  preswuru  of  5  psi.  'JbfSdBT aggitta  of  continued 
operation,  with  the  friction  oscBBCtfagf  eirtticslly  tVHb  9T,  produced  the 

surface  damage  shown  in  the  photbgmpte  be  Figure  9  <  °  ° 


7/ 


Static  Corrosion  Stf  dies’ 

if 


■o 


Jt 


is  tbs  onUttssr, 
materials 
sud  given  a 
be  eliminated 


a  liquid- rocket-motor  pyopuliant  flht  hold ‘it 
inhibited  red  fuming  nitric  acid  ftiRFNUtf .  FronV  a  list  < 
for  seal  and  bearing  applications  in  fcfat#  lbmdd-  disMt ' 
sc  reening-type  evaluation  in  IRflfA  Hr  dKSmni  which  \ 
from  further  consideration  due  to  tsesilhs  attack  in  tfadbe  Mg|lt  cwrrosivs  medium. 
Only  those  materials  which  wars  rh Wight  to  bsvs  goto*  pSarbrtlMf  o(  Withstanding  tbs 
^  attack  of  IRFNA  and  those  which  roprueentSKi  a  general  class  of  cUtnaurrcially  available 
-'mi's,  cermets,  or  alloye  were  selects i  for  these 


r  ^  Xjje  devaluations  paralleled  tbtnsSsWch  have  h<r-s 
reported  *5y' at 'wlrS^bS  Fnrlu  v^rfSSS'  W*  55-337,  fit 

and  Mather).  In  this  study,  tee  c«rroutno  saSw.  j>*»w-’»-  SWgUWSrd  to  UifNA  in  aa 

autoclave  for  six  days  at  lio-iTS  F. 


Approximately  1.5  liter*  of  IRFNA  was  supplied  in  an  aTsanianru  container  by 
WADC  for  these  experiments.  Hydrofluoric  acid  in  tbs  bdtfMiar  used  in  this  acid, 
and  it  is  added  to  inhibit  the  corrosion  of  tbs  stainless  etual  ami  aluminum  containers 
that  are  used  for  staring  red  fuming  nitric  acid  (Sea  WADC  TH  SB- 10%  Phelps,  Lee, 
and  Robinson).  The  analysis  of  tbs  acid  which  was  supplied  is  compared  with  die 

o 


Military  Specificatione-for.Tvpe  1H-A  IRFNA  in  Table  5. 

O  O  A’  "  -■ 
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TABLES.  COMPOSITION  Or  IRFNA 


Compose  at 
HNOj 


Stock  Acid, 
JOT  CMC 

•MMHMHMMM 

M.I 


MXL>M  -  72S4B  fOSAF), 
pur  CMC  '• 

•I.S  -  84. 5 


WO- 

14*1.0 

h2o 

O 

3.2 

2.5  4  0.5  ! 

Ash 

•.03 

O  * 

5.  *  mm 

ft** 

0.5  f  °° 

0.5  *0.1 

O 

l»7  ’r.~rTy,r: 


TcfiHklM  Meae!  *  ~ L  '1  i  ir  imi lit  Cjlif  TO  I  ri|j||D  1t)1  TTrlTTfl  daring  tti  c 
(xpotart  period.  Theae  were  mail  «ta»  MwQ  I  >  g  flflgg.Jll  n  ml  55  ad  when  iiunrfilnl. 
Two  oC  these  were  fitted  wit*  Mta  maggots- thsogj^gfrlEb  »i*  wh  A  a  ft  red  length 
of  stainless  itwi  pnitut  taking  By  tfrgteisiag  »  isttehts  arraagenauat  of  fittings 
titer  the  cap  had  b*e*  thrtadsdonte  tha  froasb,  Utt  flared  cad  of  tkt  tubing 

could  be  draw*  into  the  Teflon  ptng,  tame  expejadteg  it  age  taut  the  T«8a.->«d  wall 
of  the  bomb.  Thw  formed  a  simple  Bi  idggi nee  Iff  cloewa  which  made  to  eeal  better 
as  nsnte  pratvt  is  exerted  wi Mm  Che  heath.  Jk  t  wo  aa  y  statelets  ste*  l  pressor  ~ 
i  1~  »  irni  ittirhrrf  rr  ~he  rad  nf  the  pissearn  trldeg  Oas  outlet  f rone  this  valve  wae 
need  lor  filling  and  meaning  oil  «w>«  yes  as  ore  troaa  tee  bomb.  ntnubreu 
connected  to*  0  to  100-psi  ttualxi  steal  peeseare  gags.  The  pressure  tweinges?- 
nectlig  the  gage  to  the  wlw  was  heat  lass  a  loop.  Tide  lacy,  >«hen  partially  filled  with 
Kel  F  10,  a  iloorolobe  oil.  served  m*  a  trap  t*  prevent  the  highly  corrosive  vapors 
from  reaching  the  mechanism  of  the  gags*  o 


This  assembly  was  espoeed  to  IRFNA  at  lM  ¥  with  on  ppecimea*  preseat. 
Subsequent  aaalysia  of  the  acid  far  copper  aad  nickel  showed,  by  the  ah  re  see  of  both 
of  these  element*,  that, no  attack  of  the  Idteal  walla  «(  the  autoclave  had  occurred  by 
acid  leaching  through  the  Teflon  liner. 

The  corrosion  apscitasaa  ware  marMaad  teas  rewad  battens,  1/2  inch  ia  diameter 
h T  1/5  inch  long.  The  ooe  exception  was  tea  ilnentea-ehromiam  specimen  which  was 
irreguLlarlv  ihaped  bat  of  approximately  equivalent  dteaaasioas.  One  face  of  each 
•pec  i men  erne  Upped  to  a  high  finish  to  facilttete  the  e semination  of  tee  corrosive 
surface  damage.  Prior  to  expoaare,  all  speciamas  were  cleaned  with  30-fac  sonic 
vibrations,  using  detergent  aad  water,  aad  then  oven  dated  aad  weighed.  Special 
holders  cut  from  Teflon  sheet  were  need  to  hold  the  specimens  submerged  ia  tee  acid 
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inside  the  bomb.  This  is  iilutibi  id  F^Mr^^rfMek 
Ukd  exploded  view  of  the  hoc*  av*.<  Joewfwtar. 


i,  holier. 


V 


Afprau  l/XX 

FIGURE  6.  AUTOCLAVE  WITH  CLOSURE,  ; 

holder,  /wpaasnnwrioi 

CORROSION  STUDIES  Of  IRFHA 


V  «» 


tostu 


STATIC 


r«at  Procedure  and  Rosalie  of  Static  Csrrosks  Studies 


The  procedure  that  was  I olio  wed  consisted  of  placing  four  or  fins  cleaned  and 
weighed  specimen*  in  a  halier  inside  the  bomb.  The  hnenh  see  thee  sealed  aud 
plared  ii  u  electrically  heated  enter  hate.  After  all  the  tehlsg  connections  had  bees 
made,  the  system  one  evacuated  and  allowed  to  stand  until  it  wee  certain  that  a  good 
seal  had  been  obtained.  Once  this  had  been  established,  40  ml  of  IRFNA  ans  added 
by  means  of  suction  using  a  polyethylene  ft  anal  and  take.  He  system  was  ranted  to 
assure  a  starting  pressure  of  one  atmosphere,  and  teen  it  nan  cloned.  The  both  one 
heated  to  160  F  and  held  at  this  temperature  for  six  days.  8  four  spec  imaaa  were 
uaod,  tea  ratio  of  acid  volume  to  surface  area  of  specimens  was  about  12.7  ml/sg  in.; 
Urn  specimens  gave  a  ratio  of  about  10. 1  ml/aq  in-  Thera  was  about  26  per  cent  allage 
in  each  bomb.  The  pressure  which  built  up  in  the  bombs  during  exposure  au  aa  indi¬ 
cation  of  the  amount  of  corrosion  taking  place,  la  ten  ah  sane  a  of  tipsi  imsae.  a  pres- 
sure  of  26  pai  was  reached.  For  the  reasonable  am  neat  of  corrosion  tent  occurred 
in  the  first  two  bombs,  the  pressure  reached  43  to  50  pai  aadin  tee  bsanb  containing 
the  hat  five  specimens,  where  corrosion  aaa  decidedly  severe,  tee  pressure  reached 
100  pai  after  *rdays*  exposure.  This  bomb  woe  bled  eutil  the  pressure  wee  35  psi,  0 
but  it  climbed  *">  62  psi  before  the  end  of  the  test. 
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At  the  end  of  the  exposure  period,  the  bombs  were  cooled,  vented  of  excess 
pressure,  and  opened.  The  specimens  are  re  thoroughly  yis-sed  with  water  sued  oven 
dried.  The  specimens  were  weighed,  -  sod  cleaned,  by  li-bc  sonic  vibration*- in  deter¬ 
gent  and  water  to  loosen  any  pertlcies  or .corrosion  product*  which  could  be  removed 
by  a  scrubbing  action;  then,  they  were  reweigSied. 


a  The  results  of  these  screening-type  evaluations  are  given  is  Table  4.  Since  the 

experiments  were  designed  only  to  select  the  materials  which  are  practically  unattached 
by  IRFNA,  the  corrosion  is  expressed  in  percentage  of  change  in  weight  from  the 
0  original  weight.  From  these  resalts,  it  would  appear  that  boron  carbide  and  high- 
density  alumina  show  the  most  promise  as  mate  rials  for  seal  and  hearing  application 
in  IRFNA  from  a  corrosion  standpoint,  qt  is  possible  that  tbs  surface  heating  aad 
resultant  stresses  arising  from  use  of  these  materials  a*  bearings  and  seals  might 
alter  their  corrosion  resistance  to  a  conn&derahlft  extent.  For  this  reason,  it  mast 
be  remembered  that  these  are  screening-type  evaluations  and  mat  be  followed  by 
tents  in  which  the  mate  rial  is  serving  its  intended  use  in  IKFHA  before  n  precise  o 
picture  of  the  applicability  of  these  material*  can  be  stained. 


Since  some  missile  applications  do  not  call  for  protracted  exposure  of  the 
rochet  motor  to  the  propellants,  it  might  be  well  to  consider  for  further  evaluation 
some  of  the  other  materials  which  were  only  slightly  attached  during  tha  six-day 
exposure.  Such  materials  as  alumina  '-chromium,  synthetic  mica,  chrocsmtap  carbide- 
nickel,  and  the  cohalt-base  alloys  might  be  considered,  in  the  order  given,.,  in  this 
category,  <  ;" 

*  o  v  c 

DISCUSSION  AMP  CONCJLP3IOKS  f  0 

\j  C-  ^ 

The  preliminary  results  that  users  obtained  in  this  program  in  the  high-speed 
robbing  wear  apparatus  corroborates  somewhat  tW  mats  rials -compatibility  infor¬ 
mation  from  field  service  experience  that  was  learned  in  the  aforementioned  serve y. 
The  satisfactory  behavior  of  mica-containing  materials  in  lira  liquid  environments 
and  the  abrasion  and  excessive  ,  wear  of  alumina  porcelain  with  itself  and  with  stainless 
steel  in  some  applications  was  substantiated  by  the  experimental  results  in  the  JP-4 
environment.  Also,  the  superiority  of  the  boron  carbide  verses  alumraa  pc  reclaim 
0  combination  in  the  hot  gas  might  be  expected  in  the  light  of  senes  field  experience.  It 

would  seem,  therefore,  that  tie  equipment  aad  procedures  which  were  developed  and 
used  in  this  study  provided  a  realistic  evaluation  of  materials  for  seals  and  bearings 
in  aircraft  accessory  equipment  and  rocket  motor  applications. 

Several  materials  performed  satisfactorily  in  the  rabuiag  wear  experiments  that 
were  conducted  in  JP-4  jet  fuel.  Since  this  environment  did  not  appear  to  present  may 
p-  material  problems  in  these  evaluations,  it  is  possible  tint  mater  ial*  are 

>  •'  ‘ivatiable  for  moss  fat  ire,  as.  well  as  present,  bearing  aad  seal  applications  is  this 

fluid,  .  --  "  f; 

--  '  .  -  -  r> 

-  However,  the  ex-  V  Wntal  results  indicate  that  the  future  use  of  JP-X  rocket 
fuel  and  nitric  acid  uxidixer  (1RFN  1'  in  missile  systems  might  intensify  the  materials 
problems  in  seal  and  bearing  campowc ■'«  that  are  exposed  to  tiieae  two  environments, 
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The  graphite  and  boron  nitride  material*  that  we  m  successful  in  the  JP-4  ewitadoM 
suffered  an  appreciable  amount  of  surface  damage  and  wear  in  the  JP-X.  Evidently, 
the  JP-X  affected  these  materials  in  such  a  way  a*  to  seriously  hamper  their  lubri¬ 
cating  mechanisms.  Practically  all  of  the  materials  that  were  evaluated  for  static 
corrosion  resistance  in  the  nitric  acid  were  attached  to  some  extent  in  this  strongly 
corrosive  environment.  Gross  corrosion  of  a  material  would  mate  it  unsatisfactory 
for  hearing  or  seal  applications  from  a  structural  viewpoint.  Even  slight  indications 
of  corrosive  attack  are  important  in  the  evaluation  of  rufeung  wear  materials  since  the 
character  of  the  surface  determines  its  friction  and  vsf  properties.  Wear  and  friction 
may  increase  as  a  result  of  curfhes  roughening  by  the  corrosive  action.  Also,  robbing 
wear  can  accelerate  corrosion  by  removing  the  corrosion  products  and  presenting  a 
fresh  surface  to  the  environment.  On  the  other  hand,  the  il%  it  amount  of  corrosion  in 
some  of  these  static  experiments  may  indicate  the  presence  of  a  surface  reaction  that 
hopefully  would  contribute  to  the  lubrication  of  the  material  in  a  Burner  similar  to  that 
in  which  (side  films  prevent  um  eerfocs  welding  and  scoring  of  some  metals  fW.  fBrtt 
and  J.  K.  Lancaster,  "The  Influence  of  Qxids  and  Lubricant  Films  em  the  Friction  and 
Surface  Damage  of  Metal*",  Proceeding*  of  the  loyal  Society  of  London,  Vol  223, 

May  6,  1954,  p  324).  '  .  o 

o  **  o' 

The  data  from  the  rtperiments  that  were  conducted  in  the  hot  oxidising  gaseous 
environment  indicate  the  severity  of  this  atmosphere  on  the  rubbing  wear  performance 
of  the  materials  evaluated.  Apparently  ft*  combined  corrosion  and  heat  effects  We-e 
sufficient  to  disrupt  any  surface  lubrication  mechanisms  dot  might  have  prevented 
excessive  damage  and  wear.  The  incorporation  of  robbing  seals  and  bearings  is  hot 
oxidising  gases  will  probably  be  delayed  by  the  lack  of  suitable  materials. 

, ,  0  c 

It  appears  that  in  the  three  unusual  environment*,  JP-X,  nitric  acid,  and  hot 
oxidizing  gas,  the  usual  mechanisms  of  lubrication  and  wear  resistance  in  seal  and 
bearing  materials  might  be  adversely  affected  by  die  corrosive  agents  present.  A 
more  thorough  understanding  of  rubbing  contact  lubrication,  i.  e.  ,  the  mechanism  by 
which  material  surfaces  are  kept  separated  enough  during  rubbing  contact  to  prevent 
excessive  wear  and  abrasion,  is  steaded  if  materials  sm  to  «  dovelopad  lor  mt  variety 
of  atmospheres  that  are  expected  in  future  aircraft  power  plant  systems.  It  in  possible 
that  entirely  new  mechanisms  of  surface  film  generation  and  maintenance  will  have  to 
be  developed  for  each  of  these  environments.  Hopefully,  prospective  seal  and  tearing 
materials  might  be  designed  to  operate  la  these  fluids  under  the  protection  of  lubri¬ 
cating  surface  phenomena  similar,  perhaps,  to  those  found  in  extreme  pressure  films 
sad  layer-lattice  type  structure  materials  (like  graphite)  in  conventional  applications. 


RECOMMENDED  FUTURE  WORT 


The  development  and  fabrication  of  new  materials  for  elevated  temperature  and 
corrosive  applications  has  increased  tremendously  in  recent  years.  Howe  war,  very 
little  effort  has  been  devoted  toward  the  tailoring  of  such  materials  for  rubbing  wear 
applications  such  as  are  found  in  bearings  and  seals.  The  mechanisms  of  wear. 
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Imbrication,  and  surface  *  rictiou  ia  the  extraordinary  environments  surrounding  arm* 
APW  and  rocket  bearing *  and  teals  can  be  quite  different  from  there  01  dusariiy 
encountered.  Such  ea>  ironmetttal  fluids  might  well  disrupt  the  regenerative  mechssism 
of  surface  films,  found  to  be  so  important  ui  the  lubrication  of  soma  material*  hatiaf  o 
at  layer-lattice-type  *  rue  ter  e  (V.  R.  Johnson,  "Investigation  of  the  Mechanism  of 
M»!yhteaem  OiinlfUt  Lafericatioa  in  Ifacwan",  Journal  Applied  Pry* ice,  Vo!  17, 
October  ,  1956,  p  117M.  Materials  of  this  type  of  structure  have  been  successful  for 
many  years  ia  seal  and  bearing  applications  {graphite),  and  effort  should  be  devoted 
toward  the  adaptation  of  similar  mechanisms  of  lubrication  to  elevated  tempera  tore  and 
-chemically  corrosive  environments. 

■  t.i  ,  o 

It  is  recommended,  therefore,  that  an  extensive  program  of  material*  <-va) station 
and  development  be  initiated  toward  the  solution  of  these  unusual  lubrication  problems. 
The  APO  and  rocket  motor  manufacturers  need  materials  far  hearing  asd  seal  con* 
poaeots  its  equipment  that -is  now  being  developed.  The  wear  applications  in  antici¬ 
pated  future  power  plants  are  expected  to  be  even  more  demanding  of  materials.  The 
technological  advancement  of  lubricants  and  materials  for  rubbing  wear  components 
has  lagged  behind  the  general  aircraft  power  plant  improvements  oi  recent  years,  and 
it  threatens  to  seriously  hamper  advanced  design  plans  for  future  aircraft. 

The  development  of  the  experimental  apparatus  and  the  evaluation  procedure  for 
the  comparison  of  prospective  seal  and  bearing  materials  under  cowditiamg  of  high- 
sped  rubbing  wear  has  been  accomplished  in  this  program.  A  comparison  of  the 
experimental  results  with  known  field  expert*  nee  has  indicated  that  the  lubrication  asd 
wear  conditions  in  a  face-type  shaft  seal  have  been  simulated  m  this  equipment,  which 
otCises  small  specimen*  of  simple  shape.  Thas,  the  near  characteristics  of  materials 
of  winch  it  would  be  difficult  to  fabricate  into  fall  sine  seal  rings  can  be  evaluated 
•quickly  and  economically.  The  atady  of  the  lubrication  and  frictional  phenomena  of 
experimental  materials  under  high-speed  rubbing  wear  ia  elevated  temperature 
gaseous  environments  can  be  easily  accomplished  with  this  apparatus.  The  robbing 
wear  evaluation  of  materials  in  the  more  corrosive  liquid  environments  IKFHA, 

etc.  >  can  he.  conducted  is  a  similar  apparatus  that  is  suitably  adapted  for  handling  these 
liquids.  Since  a  program  for  the  study  of  prospective  bearing  and  seal  materials  for 
operation  under  the  environmental  conditions  encountered  in  present  and  iutumr  air¬ 
craft  accessory  equipment  and  rocket  motor  applications  appears  to  be  both  feasible 
and  profitable,  the  initiation  of  suck  a  program  is  highly  recommended. 

(Data  for  this  report  are  recorded  ia  Bane  lie  Laboratory  Record  Books  No.  9400, 
pages  30  through  59  and  pages  62  through  68,  and  No.  1  3  342,  pages  4  through  11, 
inclusive. ) 
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